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In t roduc t ion  

Recently d i r e c t  measurements of t h e  magnetic f i e l d  i n  t h e  v i c i n i t y  

of t h e  Moon have been performed on t h e  USSR satel l i te  Lunik 10 (Dolginov 

a l ,  1966). These observat ions f a i l e d  t o  r evea l  t he  presence of an 

h i r i n s i c  l u n a r  magnetic f i e l d  of d ipo le  nature  with any s i g n i f i c a n t  

i n t e n s i t y .  I n  add i t ion ,  i t  was concluded t h a t  t h e  e a r t h ' s  magnetic 

t a i l  d id  not  extend t o  d i s t ances  of 60 RE with magnitudes exceeding a 

:.?vel of !?y. 

i n t e n s i t y  of  t h e  near  l una r  magnetic f i e l d  and t h e  index of p l ane ta ry  

magnetic a c t i v i t y  . 

F i n a l l y  a p o s i t i v e  c o r r e l a t i o n  w a s  deduced between t h e  

These r e s u l t s  were obtained between 3 A p r i l  and 4 May 1966. During 

t h i s  s a m e  t ime i n t e r v a l  d e t a i l e d  measurements of t h e  e a r t h ' s  magnetic 

t a i l  were being performed by the  USA sa t e l l i t e  IMP 3 (Explorer 28) .  

s p a c e c r a f t  w a s  launched on 29 May 1965 i n t o  a highly e l l i p t i c a l  o r b i t  

w i t h  an i n i t i a l  apogee of 260,777 kilometers (approximately 41 R E ) ,  

and i n i t i a l  apogee-earth-sun angle  1240 East of t he  Sun. I t  is  the  

purpose of t h i s  l e t t e r  t o  compare simultaneous measurements of t h e  e a r t h ' s  

magnetic t a i l  on IMP 3 with those performed by Lunik 10. 

This  
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This  comparison i s  necessary s i n c e  very r ecen t ly  t h e  USA sa te l l i t e  

I Explorer 33 e s t a b l i s h e d  the ex i s t ence  of t he  e a r t h ' s  magnetic t a i l  

and n e u t r a l  shee t  a t  and beyond t h e  lunar  o r b i t a l  d i s t a n c e  (Ness e t  a l ,  

1967). 

(70 t o  80 RE) was launched on 1 J u l y  1966 a t  an i n i t i a l  apogee-earth-sun angle  

Th i s  s a t e l l i t e ,  with apogee between 450,000 and 510,000 ki lometers  

of 118O West of  t h e  Sun. 

through the magnetospheric t a i l  of t h e  e a r t h  once eachtwo week 

o r b i t a l  period. 

From J u l y  t o  October 1966 t h e  s a t e l l i t e  swept 

Previous comprehensive measurements of t h e  e a r t h ' s  magnetic t a i l  

and its imbedded n e u t r a l  sheet  were performed by IMP 1 i n  1964 (Ness, 1965), 

and revealed a t a i l  of the d i s t o r t e d  geomagnetic f i e l d  

extending t o  d i s t a n c e s  ha l f  way t o  t h e  Moon wi th  magnitudes between 10 

t o  40 y (median -16y). 

t o  be approximately 40 RE. A d e t a i l e d  study of magnetic storm 

phenomena i n  t h e  geomagnetic t a i l  from these  d a t a  by Behannon and Ness 

(1966) e s t ab l i shed  a d i r e c t  c o r r e l a t i o n  between geomagnetic a c t i v i t y  

and magnetic t a i l  f i e l d  magnitude. I n  p a r t i c u l a r  it was noted t h a t  

the magnitude of t h e  e a r t h ' s  magnetic t a i l  f i e l d  increased s i g n i f i c a n t l y  

simultaneous with inc reases  i n  the  p l a n e t a r y  magnetic a c t i v i t y  index Kp. 

SubsequentSy, during 1966 IMP 3 swept through t h e  geomagnetic t a i l  

region and confirmed these  ear l ie r  f ind ings .  

The t r ansve r se  width of t h e  t a i l  was measured 



Observations by IMP 3 

The ins t rumenta t ion  f o r  t he  magnetic f i e l d  experiment on t h e  IMP 3 

s a t e l l i t e  w a s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  of t he  IMP 1 s a t e l l i t e  

launched i n  1963 (Ness e t  a l ,  1964). 

magnetic f i e l d s  w e r e  performed by f luxga te  magnetometers wi th  maximum 

B r i e f l y ,  measurements of weak 

dynamic ranges of 4 9  and s e n s i t i v i t i e s  of +, 0.4~. The sensors were 

placed at t h e  extreme ends of booms 2 meters i n  l eng th  t o  remove 

contaminating e f f e c t s  of spacecraf t  generated magnetic f i e l d s .  

Of p a r t i c u l a r  i n t e r e s t  on the  IMP 3 s a t e l l i t e  a r e  t h e  observa t ions  

obtained during o r b i t s  54 and 59 i n  April-May 1966. IMI? 3 was imbedded 

w e l l  w i th in  t h e  geomagnetic t a i l  and on o r b i t  54 apogee occurred while  

t h e  s a t e l l i t e  w a s  very  c l o s e  t o  the midnight meridian plane. 
\.- 

The 

magnetic f i e l d  measurements obtained by IMP 3 during these  two o r b i t s  

a represented  i n  F igures  1 and 2. The d a t a  a r e  presented i n  s o l a r  e c l i p t i c  

coord ina tes  i n  which 0 measures the  l a t i t u d e  of t h e  f i e l d  v e c t o r  r e l a t i v e  

t o  t h e  plane of t he  e c l i p t i c  and 6 t he  longi tude  wi th  t h e  ear th-sun l i n e  

= Oo longi tude.  

i n  i t s  o r b i t  a r e  included. 

I n  a d d i t i o n  parameters p e r t i n e n t  t o  t h e  s a t e l l i t e  p o s i t i o n  

Inspec t ion  of t hese  two f igu res  r evea l s  t h a t  dur ing  both o r b i t s  

t he  s a t e l l i t e  measured magnetic f i e l d s  whose d i r e c t i o n  was usua l ly  

p a r a l l e l  t o  t h e  ear th-sun  l i n e .  It is  seen from these  d a t a  t h a t  at 

geocen t r i c  d i s t a n c e s  g r e a t e r  than 20 i i ~  t h e  r'ieiti magnitude is 

c h a r a c t e r i s t i c a l l y  10 t o  2% when the  s a t e l l i t e  i s  not  i n  c l o s e  proximity 

t o  t h e  n e u t r a l  shee t .  When t h e  s a t e l l i t e  was below the  n e u t r a l  shee t  
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t h e  f i e l d  was d i r e c t e d  away from the  Sun and when above the  n e u t r a l  

sheet  t h e  f i e l d  was d i r e c t e d  toward the  Sun. Mult iple  shee t  crossings 

a r e  observed i n  o r b i t  54 on A p r i l  7 and i n  o r b i t  59 on May 5 and 6 .  

These measurements were performed during f u l l  Moon when Lunik 10 was 

performing magnetic f i e l d  measurements i n  the  v i c i n i t y  of t he  Moon. 

Thus a t  t h e  time of Lunik 10 measurements the e a r t h ' s  magnetic 

t a i l  extended a t  l e a s t  t o  38 R ~ . a n d  the n e u t r a l  sheet  was w e l l  developed 

as a region of rapid f i e l d  d i r e c t i o n  r e v e r s a l  and s m a l l  magnitude. 

p o s i t i o n  of t he  n e u t r a l  sheet  during these observat ions i s  important i n  t h e  

i n t e r p r e t a t i o n  of observat ions from Lunik 10. 

p o s i t i o n  of the IMP 3 s a t e l l i t e  as measured by Z, i n  s o l a r  magnetospheric 

coordinates during o r b i t s  54 and 59. The t i m e  a t  which n e u t r a l  shee t  

crossings were observed i s  indicated by the  arrows. It i s  noted t h a t  

gene ra l ly  the n e u t r a l  shee t  i s  observed c l o s e  t o  o r  s l i g h t l y  above t h e  

e q u a t o r i a l  plane of t he  s o l a r  magnetospheric coordinate  system. I t  i s  

a l s o  clear t h a t  the n e u t r a l  shee t  i s  moving s i n c e  i t s  r e l a t i v e  p o s i t i o n  

i n  e i t h e r  s o l a r  e c l i p t i c  or magnetospheric coordinates  i s  not constant .  

The 

Figure 3 presen t s  t h e  

These r e s u l t s  are i n  gene ra l  agreement wi th  t h e  model of t h e  n e u t r a l  

shee t  p o s i t i o n  and motion deduced from a d e t a i l e d  s tudy of t h e  IMP 1 

d a t a  by Speiser  and Ness (1967).  Due t o  the  o b l i q u i t y  of t he  e a r t h ' s  

s p i n  a x i s  t o  t h e  e c l i p t i c ,  during t h e  summer t h e  n e u t r a l  shee t  i n  t h e  

e a r t h ' s  magnetic t a i l  w i l l  be located s l i g h t l y  above the  s o l a r  magnetospheric 

e q u a t o r i a l  plane. I n  winter  t he  n e u t r a l  s h e e t  correspondingly w i l l  be 

below t h i s  e q u a t o r i a l  plane. 



. 
e /  

I n t e r p r e t a t i o n  of Lunik 10 Data 

I I n  the  i n t e r p r e t a t i o n  of the  ,unik 0 magnetometer d a t a  Dolginov 

e t  a1 (1966) conclude t h a t  t he  e a r t h ' s  magnetic t a i l  does not  extend 

t o  the  lunar  d i s t a n c e  wi th  the  upper l i m i t  of 5y as i t s  con t r ibu t ion  

t o  the  measurements. However, on the  same s a t e l l i t e  Gringauz e t  a1 

(1966) have concluded from low energy charged p a r t i c l e  t r a p  d a t a  t h a t  

they de tec ted  the  plasma assoc ia ted  with t h e  n e u t r a l  shee t  (magnetic 

f i e l d  r e v e r s a l  region) .  

t he  plasma d a t a  by i n v e s t i g a t i n g  the  o r b i t a l  c h a r a c t e r i s t i c s  of the  

Moon i n  s o l a r  e c l i p t i c  and s o l a r  magnetospheric coordinates .  

S ince  Lunik 10 is  in a very close lunar  o r b i t  t h i s  w i l l  then y i e l d  a good 

e s t ima te  of its l o c a t i o n  i n  space while  these  measurements were 

performed. 

It is poss ib le  t o  v e r i f y  t h e  i n t e r p r e t a t i o n  of 

F igure  4 presen t s  t he  p o s i t i o n  of t he  Moon i n  t h e  two coord ina te  

systems f o r  t he  two t i m e  i n t e r v a l s  of i n t e r e s t .  It i s  seen t h a t  t h e  

Moon i s  mainly above the  e c l i p t i c  p lane  dur ing  these  times. Superimposed 

on t h e  p l o t s  are time i n t e r v a l s  A and B corresponding t o  d a t a  t ransmiss ion  

t imes when e l e c t r o n  f luxes  c h a r a c t e r i s t i c  of t h e  plasma assoc ia t ed  wi th  

t h e  n e u t r a l  shee t  were de tec t ed  (Gringauz e t  a l ,  1967).  It is  noted 

t h a t  dur ing  both t ransmiss ions ,  t he  Moon is seen t o  be loca ted  extremely 

c l o s e  t o  the  s o l a r  magnetospheric e q u a t o r i a l  plane. This  f i g u r e  a l s o  

shows t h a t  t he  s a t e l l i t e  d i s t a n c e  from t h i s  e q u a t o r i a l  plane depends 

upon t h e  time very  c r i t i c a l l y .  
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Thus f o r  t hese  t ransmission per iods ( A , B ) ,  weak magnetic f i e l d s  

associated with t h e  e a r t h ' s  n e u t r a l  shee t  are t o  be expected. Dolginov 

e t  a1 (1966) did not take t h i s  i n t o  account i n  t h e i r  i n t e r p r e t a t i o n  and 

i t  i s  reasonable t o  assume now t h a t  t h e  conclusion of Gringauz e t  a1 (1966) is  

correct  and that  t he  e a r t h ' s  magnetic t a i l  does extend t o  the  o r b i t  of t h e  Moon. 

A p o s i t i v e  c o r r e l a t i o n  was a l s o  noted between magnetic a c t i v i t y  

on t h e  e a r t h ' s  su r f ace  and the  magnitude of t h e  near  lunar  magnetic 

f i e l d .  Th i s  was i n t e r p r e t e d  as evidence of t h e  dependence of i n t e r -  

p l ane ta ry  magnetic f i e l d  magnitude on s o l a r  f l a r e  a c t i v i t y  (Greenstadt 

and Moreton, 1962). The Lunik 10 comparisons were made a t  t h e  time of 

successive f u l l  Moon periods.  According t o  Lincoln,  (1966 a,b) t h e  

p l ane ta ry  magnetic a c t i v i t y  index f o r  A p r i l  5 w a s  12' and f o r  May 4 

was 21'. For the same times t h e  magnitude of t he  near  lunar  f i e l d  was 

observed t o  be 12y l a r g e r  on 4 May than on 5 A p r i l .  These r e s u l t s  a r e  

i n  complete agreement with ea r l i e r  s t u d i e s  by Behannon and Ness (1966) 

showing a p o s i t i v e  c o r r e l a t i o n  between p l ane ta ry  magnetic a c t i v i t y  and 

magnetic t a i l  f i e l d  magnitude. Thus the  v a r i a b i l i t y  of the near l una r  

f i e l d  i s  not evidence of t he  presence of t he  i n t e r p l a n e t a r y  magnetic 

f i e l d  and the  absence of t he  geomagnetic t a i l .  



Conclusions 

I n i t i a l  i n t e r p r e t a t i o n  of t h e  Lunik 10 magnetometer d a t a  obtained 

i n  April-May 1966 l ed  t o  conclusions t h a t  t he  e a r t h ' s  magnetic t a i l  w a s  

absent a t  t h e  luna r  o r b i t a l  d i s t ance .  This w a s  not i n  agreement wi th  

r e s u l t s  obtained subsequently by Explorer  33 measuring t h e  e a r t h ' s  

magnetic t a i l  at and beyond the  lunar  o r b i t a l  d i s t a n c e  i n  July-October 1966. 

Measurements of low energy plasma f luxes  on Lunik 10 ind ica t ed  t r a v e r s a l  

through t h e  e a r t h ' s  n e u t r a l  shee t  

Observat ions of the e a r t h ' s  magnetic t a i l  and t h e  p o s i t i o n  of 

t he  imbedded n e u t r a l  shee t  i n  A p r i l  and May 1966 by IMP-3 demonstrate 

t he  e x i s t e n c e  of t he  t a i l  and n e u t r a l  sheet  simultaneous wi th  t h e  

Lunik 10 measurements. Thus, it is necessary t o  i n v e s t i g a t e  the  p o s i t i o n  

of t he  Moon i n  s o l a r  magnetospheric coordinates  i n  order  t o  i n t e r p r e t  

t he  Lunik 10 da ta .  When t h i s  is done i t  is found t h a t  t he  magnitude and 

temporal v a r i a t i o n  is  cons i s t en t  wi th  the s a t e l l i t e  being imbedded i n  

the  e a r t h ' s  magnetic t a i l  dur ing  f u l l  moon per iods.  
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FIGURE CAPTIONS 

Figure 1 Measurements of t he  e a r t h ' s  magnetic t a i l  by IMP 3 i n  
A p r i l  1966. 

Figure 2 Measurements of the e a r t h ' s  magnetic t a i l  by IMP 3 i n  
May 1966, 

Figure 3 Re la t ive  p o s i t i o n  of t he  IMP 3 s a t e l l i t e  i n  s o l a r  magnetospheric 
coordinates  during o r b i t s  54 and 59 i n  1966. The d a i l y  "wobble" 
of t h e  e a r t h ' s  magnetic d i p o l e  a x i s  is r e a d i l y  evident  
modulating t h e  d i s t a n c e  of t h e  s a t e l l i t e  from t h e  e q u a t o r i a l  
plane.  

Figure 4 R e l a t i v e - p o s i t i o n  of t he  Moon (and Lunik 10) during the  
f u l l  Moon per iods i n  A p r i l  and May 1966. The ho r i zon ta l  
s c a l e  r e fe rences  t h e  p o s i t i o n  of t h e  s a t e l l i t e  t r ansve r se  
t o  the  ear th-sun l i n e  i n  t h e  e c l i p t i c  plane. The v e r t i c a l  
a x i s  r ep resen t s  t he  d i s t ance  i n  s o l a r  e c l i p t i c  (SE) o r  s o l a r  
magnetospheric (SM) coordinates of t h e  s a t e l l i t e  from t h e  
e q u a t o r i a l  plane of t h e  corresponding coordinate  system, 
A l l  dimensions i n  E a r t h  Radi i  (1 RE=6378. 1 Km). 
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